Fungal peritonitis is an uncommon but serious complication of peritoneal dialysis (PD) due to the fact that routine culture to recovered the etiologic agents are time consuming and KOH staining has very low sensitivity. Peritoneal (1→3)-β-D-glucan (BG) or galactomannan (GM), both fungal cell wall components, are candidate biomarkers of fungal peritonitis. Hence, a comparative cross-sectional analysis of peritoneal dialysis fluid (PDF) BG (Fungitell, Cape Cod, MA, USA) and GM (Platelia Aspergillus Ag kits, Bio-rad, France) from all PD patients with and without fungal peritonitis (13 cases, identified by culture), over a 1 year period, was performed. PDF of the fungal peritonitis group showed very high BG (494 ± 19 pg/ml) and high GM (3.41 ± 1.24) similar results were noted in specimens from cases of peritonitis with other causes, especially gram negative bacterial peritonitis. A BG cut-off value at 240 pg/ml and GM at 0.5 showed sensitivity/ specificity at 100%/ 83% and 77%/ 58%, respectively. A concomitantly positive GM reduced the false positive rate of BG from nonfungal peritonitis. In conclusion, BG and GM in peritoneal fluid with provisional cut-off values were applicable as surrogate biomarkers for the diagnosis of fungal peritonitis in PD patients.
Introduction
Fungal peritonitis, although an uncommon complication of peritoneal dialysis (PD) patients, has a high mortality and morbidity rate [1] [2] [3] [4] [5] . More than half of PD patients with fungal peritonitis require a change in their mode of renal replacement therapy due to the alteration of peritoneal membrane functions [2] . It is hypothesized that fungal penetration into the peritoneum occurs due to its overgrowth in gastrointestinal tract [1] . Appropriate screening tests may facilitate an early diagnosis of fungal peritonitis leading to earlier antifungal therapy and therapeutic outcome improvement. Unfortunately, routine culture to recover the etiologic agents are time-consuming, and KOH staining has very low sensitivity. An adjunct strategy may be the detection of fungal cell wall components as surrogate biomarkers, as for examples (1→3)-β-D-glucan (BG) and galactomannan (GM), have been used for an early diagnosis of invasive fungal infection [6, 7] . Both BG and GM from fungal cell walls were reported to be released into the surrounding environment during fungal growth and tissue invasion process [8] .
GM measurement, as the "Galactomannan index, GMI" serum ≥0.5 is recommended in establishing the suspicion of invasive aspergillosis [6, 9, 10] . Similarly, serum (1→3)-β-D-glucan with levels at 60-79 and ≥80 pg/ml have been used as indeterminate and positive values for invasive fungal infection, respectively [7, 11] . False-positive BG results have been reported in several circumstances similar to false positives for the GM antigenemia test [7, 12] . However, there are different limitations in both tests as BG cannot detect infections caused by many species in the mucormycetes group (Zygomycota), and in those involving Cryptococcus spp. On the other hand, GM detection is not possible in cases involving Pneumocystis jiroveci, Candida spp., and Acremonium spp. due to the absence of GM content in the cell walls of these fungi [7, 12, 13] .
Surprisingly, despite extensive studies of BG and GM in serum and other bodily fluids, there has been only one report of their presence in peritoneal dialysate of a PD patient with Aspergillus niger peritonitis [14] . This study aimed to investigate if BG and/or GM in peritoneal fluid might have utility in the diagnosis of fungal peritonitis in PD patients. Accordingly, a cross-sectional analysis of peritoneal dialysis fluid (PDF) from PD patients with peritonitis and without peritonitis, based on the PDF culture results was performed.
Materials and methods

Patient selection
As a cross-sectional analysis, all first cloudy peritoneal dialysates from all peritonitis patients seen between January 2013 to April 2014 in Supprasitthiprasong tertiary hospital and King Chulalongkorn Memorial hospital were analyzed for cell count and kept at −80
• C in beta glucanfree containers. Peritonitis was diagnosed according to the International Society for Peritoneal Dialysis (ISPD) 2010 recommendation as when two of the three following criteria were presented; existence of peritonitis signs/symptoms, elevated leukocyte count (≥100 cells/μl) and at least 50% neutrophils in dialysate [15] . PD patients with cloudy effluent, self-observed or by their home assistants, should, as per current clinical PD guidelines, come to the hospital for a sepsis work-up and immediate antibacterial administration [15] . Antibacterial agents are switched to antifungal drugs if a fungus is observed in cultures prepared from the dialysate. In such situations, the dialysate effluents were selected for the analysis of (1→3)-β-D-glucan (BG) and galactomannan (GM). In order to compare the results of the analysis with those obtained with non-fungal peritonitis, peritoneal dialysate (PDF) from patients with bacterial peritonitis and those with culture-negative peritonitis were selected from the full peritonitis patient population. During the observation period, a total of 157 PD patients with peritonitis were observed, in other words, Gram-positive bacteria, Gram-negative bacteria, fungi, and no organism in 48, 72, 13, and 24 patients, respectively. All patients with fungal peritonitis were selected and a randomly selected group of nonfungal peritonitis fluid samples were tested and compared to the data from studies of the fungal peritonitis fluid. The selected PDF samples from patients with peritonitis caused by gram positive, gram negative, fungi and no organism in 8, 12, 13, and 4 patients, respectively, were tested for BG and GM. Clinical data on the patients including age, sex, underlying diseases, associated peritonitis symptoms, and therapeutic outcome are shown in Table 1 . In addition, peritoneal dialysate samples from seven regular PD patients with clear PDF as well as sterile dialysate from four PD bags were collected as nonperitonitis PDF controls and sterile peritoneal dialysate, respectively.
Sample analysis
Drained peritoneal dialysate in the bags were suspended for 30 min to form sediment then 10 ml of sediment-rich PDF were collected through the drainage port of the bag and directly injected to hemoculture media (VersaTREK TM , Thermo Fisher Scientific, FL, USA) and also directly plated onto blood agar, MacConkey agar, and Chocolate agar. A positive result on at least one culture medium was defined as a positive culture. For fungal culture, 10 ml of sedimentrich PDF were collected and spun down at 3,300 g for 30 min; then 200 μl of sediment were directly streaked onto 
Age (mean ± SD) 55 ± 9 6 4± 10 64 ± 8 6 7 ± 14 58
13 ( were analyzed according to the manufacturer's protocols in duplication for each sample. Additionally, 10 ml of sediment-rich PDF were spun down at 3,300 g for 30 min then directly smear on glass slide and performed gram stain.
Statistic analysis
All data were presented as mean ± SD. The comparisons between groups were performed by analysis of variance (ANOVA). Potential correlations between variables were analyzed by Spearman's rho rank correlation tests. A P-value of P < 0.05 was considered significant. In addition, 2 × 2 table analysis, with the fungal culture as a gold standard, was performed. Fungal culture was compared to BG at 1-5 times serum negative cut-off value as a reference (60, 120, 240, and 300 pg/ml). In parallel, GM at 1 and 2 times the serum cut-off reference value (0.5 and 1) were analyzed in comparison with fungal culture as a gold standard test. The sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV). and accuracy of the tested biomarkers (BG and GM) were calculated relative to culture positivity as the reference standard. Moreover, for a clearer comparison between fungal peritonitis and bacterial peritonitis, data from patient with peritonitis due to gram positive, gram negative bacteria and culture negative were combined into a "bacterial peritonitis" group and nonperitonitis PDF and sterile unused PDF were presented as "non-peritonitis" group (Fig. 2C, D) . All calculations were performed with the SPSS statistical software (SPSS 11.5 software system: SPSS, Chicago, USA).
Result
Of a total of 44 selected PD patients, 37 patients with cloudy peritoneal dialysate were determined to have peritonitis.
Another seven regular PD patients with noncloudy effluent provided control peritoneal dialysate. Approximately half of the peritonitis patients had diabetes (DM) as an underlying disease, and only one-fourth of the patients had mild fever (<38 • C) despite peritonitis (Table 1 (Fig. 1C, F) . Only one patient presented with bacterial-fungal co-infection; Streptococcus group A and Stephanoascus ciferrii. No multiple fungal infections in the same patient were observed. PDF cell profiles were as follows: total PDF leukocyte count was lowest in fungal peritonitis (1,361 ± 1,412 cells/μl), polymorphonuclear cells (PMN) 76 ± 18%, and mononuclear cells (Mono) 15±11% (P < .01 and P < .05 in comparison with gram-positive and gram-negative peritonitis, respectively). The PDF profiles in gram-positive, gram-negative peritonitis, and peritonitis patients with negative culture were 6,373 ± 3,834 cells/μl with PMN 95 ± 3% and Mono 5 ± 3%; 5,728 ± 6,621 cells/μl with PMN 87 ± 14% and Mono 12 ± 13%; and 2,503 ± 1,932 cells/μl with PMN 80 ± 22% and Mono 11 ± 10%, respectively. All peritonitis patients demonstrated PDF neutrophil dominance. The mononuclear cell count in peritoneal dialysate of patients with fungi peritonitis was higher than gram positive peritonitis but was not different from peritonitis with other causes. Thus PDF profiles are limited in their utility for the differentiation of causes of peritonitis. Hence, other biomarkers may be beneficial.
(1→ 3)-β-D-glucan (BG) and galactomannan (GM) from peritoneal fluid were measured in parallel with fungal and bacterial culture. Peritoneal BG in fungal peritonitis was statistically highest among all the tested groups. The levels were 494 ± 69, 135 ± 171, 216 ± 214, 96 ± 88, 24 ± 11, and 9 ± 2 pg/ml for fungi, gram-positive, gram-negative, peritonitis with no organism, nonperitonitis and sterile PDF, respectively ( Fig. 2A) . Fungal peritonitis was significantly associated with higher peritoneal BG than gram-positive bacterial peritonitis and culturenegative peritonitis. Fungal and gram-negative peritonitis did not differ significantly due to high BG in several samples. Combining peritonitis due to gram-positive, gram-negative bacteria, and culture-negative into a "bacterial peritonitis" group and combining nonperitonitis PDF and sterile unused PDF into a "nonperitonitis" group, peritoneal BG in fungal peritonitis showed higher statistical significance than bacterial peritonitis group (Fig. 2C) . It is interesting that all fungal peritonitis, either yeast-or mycelium-form, demonstrated very high BG level, mostly ≥ 523 pg/ml (Fig. 1A) .
The lower BG values in fungal peritonitis group were from C. non-albicans and Stephanoascus ciferrii infection at 310 and 390 pg/ml, respectively (Fig. 1C) . However, some gram-negative peritonitis patients also demonstrated PDF BG ≥ 523 pg/ml (Fig. 1A, B) . With dialysate BG ≥ 60 pg/ml (the serum cut-off level for fungal presentation) as a cut-off value, 55% (11/ 20 cases) of bacterial peritonitis had a positive result (Fig. 1A, B) . Parallel analysis of GM in peritoneal fluid showed that GM was also high in the fungal peritonitis group but did not reach statistical significance difference relative to bacterial peritonitis. The GM Index values were 3.41 ± 4.46, 0.99 ± 0.95, 1.35 ± 1.89, 1.23 ± 1.98, 0.28 ± 0.13, and 0.20 ± 0.08 for fungal peritonitis, gram-positive peritonitis, gram-negative peritonitis, peritonitis with no organism, nonperitonitis, and sterile PDF, respectively (Fig. 2B) . However, with the combination of the tested group as previously mentioned, peritoneal GM in fungal peritonitis was significantly higher than bacterial peritonitis (Fig. 2D) . With the cut-off value ≥0.5 (the serum cut-off level), all fungal peritonitis patients except three in four cases of C. albicans peritonitis were positive for GM (Fig. 1F) . The limitation of GM (1→3)-β-D-glucan (BG) (A-D) and galactomannan (GM) (E, F) for the diagnosis of fungal peritonitis compared with peritoneal fungal culture as a gold standard Note: PPV, positive predictive value; NPV, negative predictive value.
test for the diagnosis of Candida infection was previously demonstrated [18] . With the selection of only non-Candida fungal peritonitis, the GM level was even higher (4.35 ± 3.71) but still did not demonstrate statistically significant difference from the peritonitis with other organisms. Overall, high GM (≥0.5) was demonstrated in 45% of bacterial peritonitis patients (9 in 20 cases) (Fig. 1D, E) . Although combined bacterial-fungal infection was possible in patients with high BG and/or GM nonfungal peritonitis, all of these patients were successfully treated with antibacterial drugs alone without antifungal drugs.
Due to the high values of BG and GM in PDF of some patients with nonfungal peritonitis, it seems that the cut-off value in PDF for diagnosis of fungal peritonitis should be higher than the serum level for invasive fungal infection. We performed a 2 × 2 table comparison between BG (and GM) with fungal culture results parameters ( Table 2 ). The cutoff value of BG ≥ 240 pg/ml and GM ≥ 0.5 showed AUC 91.7% and 72.1%, respectively, with Youden's J index at 0.8333 and 0.4583, respectively. GM seems to be a less effective biomarker of fungal peritonitis compared to BG (Table 2 ) due to the Candida detection limitation. Our pilot data demonstrated that the cut-off value in PDF for BG should be different from that of serum but the GM cut-off value might be the same as serum. Prospective studies with higher patient numbers are needed to establish cut-offs. It is of interest that the measurement of peritoneal BG together with GM reduced false positive results even though GM is recommended to analyze in aspergillus infection (Fig. 3A) . All fungal peritonitis patients had PDF BG at levels ≥240 pg/ml and GM at levels of ≥0.5 except for those with C. albicans peritonitis (Fig. 3B) . In contrast, the discrepancy between BG and GM was more common in bacterial peritonitis (Fig. 3C ). There were only two patients (with P. aeruginosa and M. morganni peritonitis) with a high level of both BG and GM (Fig. 3C) .
Discussion
An analysis of dialysate fluid from PD patients with a clinical diagnosis of peritonitis was performed to test whether BG and GM were suitable surrogate biomarkers of fungal peritonitis. The most common cause of fungal peritonitis was Candida spp., consistent with previous studies [2, 19] . As previously reported, however, filamentous fungi in PD patients were also found [20] [21] [22] [23] [24] [25] . The clinical symptoms and PDF profiles could not properly differentiate peritonitis causes in CAPD patients consistent with previously published work [1, 2] . Both serum BG and GM have been reported to be detectable one to two weeks prior to a positive fungal culture in invasive fungal infection [26] . Accordingly, they could be appropriate as surrogate biomarkers for the presence of fungi in peritoneal effluent.
Despite the higher sensitivity of BG over GM for the detection of yeast-form fungi [18] , there is concern regarding the specificity of BG test [12, 27] . Indeed, according to previous publications, some bacteria such as P. aeruginosa, S. pneumonia, and Alcaligenes faecalis demonstrated reaction with BG test [28, 29] . However, GM also has similar limitation issues [7, 18] . Detectable BG and GM in PDF might be caused by a transmural migration of gastrointestinal macromolecules during bowel inflammation [30] [31] [32] and more studies on this topic are needed.
Low BG titers were demonstrated in sterile dialysate and effluent from nonperitonitis patients at levels of 16 ± 4 and 32 ± 13 pg/ml, respectively. These low levels suggest that elevated PDF BG could be a suitable PD fungal peritonitis biomarker. As hypothesized, BG was much higher in the effluent dialysate of fungal peritonitis patients. Our results also suggested that the BG cut-off value in PDF might be higher than serum cut-off level. This might, at least in part, be due to the potential of BG leakage from the gastrointestinal tract induced by uremia and/or peritonitis [31] , and, possibly, the absence of hepatic BG clearance in peritoneal fluid [26] . Of interest, a very high BG level (≥523 pg/ml) was found in some patients with P. aeruginosa, E. coli, M. morganni, and coagulase-negative Staphylococcus peritonitis consistent with previous publications [28, 29] . Despite the BG production ability of P. aeruginosa [33] , it is still not clear whether other bacteria could produce BG or the high BG in other bacteria was just a false positive result due to gut luminal macromolecule translocation. The only patient with a mixed bacterial and fungal peritonitis in our study had a Stephanoascus ciferrii /Streptococcus group A co-infection with a PD effluent BG titer of 391 pg/ml. The high BG (and GM) in this patient should be, at least in part, reflect the fungal infection. Indeed, another patient with isolated Streptococcus group A had lower BG (and GM) (Fig. 1B, C; Fig. 2B, C) .
Likewise, low dialysate GM were observed in sterile dialysate and dialysate from nonperitonitis patients with levels of 0.32 ± 0.11 and 0.33 ± 0.11 pg/ml, respectively. A GM cut-off value of 0.5, identical to the serum cut-off value, seems to be appropriate in fungal peritonitis. The limitation of GM in detecting C. albicans peritonitis was also demonstrated in this study, consistent with previous work [18] . However, elevated GM in PDF was also found in one candidal peritonitis patient ( Fig. 1F; Fig. 2F ). As expected, dialysate GM was high in most of the mould-form fungal peritonitis especially with Aspergillus spp. and Fusarium spp. Despite a low GM value in Scedosporium spp. peritonitis (GM at 0.55), fungal peritonitis could be diagnosed with the cut-off value at 0.5 in both cases. Nevertheless, dialysate GM was also ≥0.5 in 45% of the patients with bacterial peritonitis (Fig. 1D, E; Fig. 2D, E) , reducing the specificity. Overall, dialysate BG ≥ 240 pg/ml as a single parameter seems to be more beneficial than GM ≥ 0.5 in terms of sensitivity and specificity (Table 2) . Additionally, it may be possible to exclude elevated BG false positives in bacterial peritonitis if the GM is below 0.5. There were only two patients with gram negative peritonitis showed high peritoneal level of both BG and GM (Fig. 3C, D) .
There are several limitations in our study. First, our gold standard to determine the cause of peritonitis was the culture method which is less sensitive than polymerase chain reaction (PCR) methods. Peritonitis with no organism found might actually be positive with other more sensitive diagnostic methods. High BG in patients with non-fungal peritonitis might actually be due to a low level of gut fungal or BG leakage into the peritoneal fluid. However, we did not use PCR as a gold standard of fungi presentation due to its extreme sensitivity and high potential for false positives [34] , so independent verification of the potential presence of fungal organisms is lacking. The nature of a proper gold standard for a fungal etiology in peritonitis is a complex issue and is still a matter of current debate. A second study limitation is the lack of serial values for BG and GM. The repeated measurement of dialysate BG and/or GM might show a better power for the diagnosis of fungal infection as has been observed in serum [35] . Third, the study cohort consisted of only a limited number of peritonitis patients, so that the utility of BG and GM in peritoneal fluid for fungal peritonitis diagnosis will still need more supportive data. A larger prospective study will be needed to generate appropriate data, conclusions, and clinical practice recommendations.
With a cross-sectional analysis from 44 CAPD patients, including 13 patients with fungal peritonitis, we found that a single measurement of dialysate BG ≥ 240 pg/ml and dialysate GM ≥ 0.5 at the time of the first cloudy effluent correlated positively with fungal infection. There was a limitation of GM for the detection of C. albicans peritonitis. Mutually high BG and GM strongly supported a diagnosis of fungal peritonitis.
